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INTRODUCTION 

Haemocytes are several types of cells which 

circulates within the haemolymph (Kerenap et 

al., 2005): in most of the insects they are well 

defined as Prohaemocytes, Plasmatocytes and 

Granulocytes and one more other types present 

in some other insects as coagulocytes 

Spherulocytes, Adipocytes and Oenocytoids 

(Nittono, 1960). Haemocytes are responsible 

for the cellular defense mechanism in the 

insect’s immune system (Gupta & Sutherland, 

& Ribeiro & Brehlin, 2006) as a role to fight 

against the pathogens involving various 

physical chemical means were studied in 

arthropods (Ratcliffe et al., 1976 & Mead, 

1986). Most of the haemocytes rest on the 

surface of various organs of the haemocoel 

and some cells circulate freely in the 

haemolymph. The number of cells varies 

greatly in the developmental as well as during 

different physiological stages (Wigglesworth, 

1973) in the same species and total haemocyte 

count found to be more in larval stages than 

nymphal and adult (Webley, 1951).  
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ABSTRACT 

Haemocytes in insects mediates the cellular responses like phagocytosis, encapsulation and 

clotting which signifies the immunological functions of any insect. In the domesticated variety of 

silkworm B.mori five types of haemocytes have been identified in all the stages. The most 

abundant cell was found to be plasmatocytes followed by Granular cells. Spherule cells and 

Oenocytoids were found to less during IV and V instars and least or absent in all other stages. 

Haemocytes found be to fluctuating before and after spinning. Plasmatocytes and granular cells 

decreased gradually with respect to number of days in pupa. The total haemocytic count 

increases gradually in the silkworm larval stages and found to be maximum at the last instar and 

least during adult stages where the role of haemocytes is not required because they die after 

laying eggs. 
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Tauber and Yeager (1936) studied the 

haemocytes of Orthoptera, Odonata, 

Hemiptera, Neuropetra, Coeloptera, 

Lepidotera and Hymenoptera. It was highly 

variable among holometabolous and 

hemimetabolous insects. In hemimetabolous 

insects nymphs showed lower haemocytic 

count than adult (Webley, 1951), whereas in 

holometabolous insects larval forms showed 

more total haemocyte counts than adults (Han 

& Gupta, 1951). Similarly physiological 

conditions like oviposition and ecdysis also 

associated with excessive total count (Bahadur 

& Pathak, 1971). Jones, (1982) also showed 

data on varying differential haemocytic count 

during different developmental stages. 

Silkworm Bombyx mori is a very sensitive 

lepidopteran and are susceptible to various 

diseases. To explore their immune mechanism, 

it is necessary to learn the total haemocytic 

count and differential haemocytes related to 

their different developmental stages.  

 

MATERIALS AND METHODS 

Experimental Animal collection area and 

Rearing of Silkworm: 

The model organisms selected for this study is 

the mulberry silkworm, Bombyx mori 

belonging to the order Lepidoptera, Class 

Insecta and Family Bombicidae .The race 

Chosen was a hybrid of LXNB4D2 (Local 

Multivoltine variety, NB4D2) new bivoltine 

with oval white  cocoon which feeds, mainly 

on mulberry leaves. It is a holometabolous 

insect, whose life cycle has four distinct stages 

namely the egg, larva (5 instars), pupa and 

adult.  

Rearing of silkworm             

Eggs were collected form the Sericulture 

Centre of V.M. Chathram, Tirunelveli. The 

larvae were reared by tray rearing method and 

maintained at required temperature (27±10ºC) 

and (80±20) humidity. MR2 variety of 

mulberry was used to feed the worms, fresh 

healthy leaves were collected during the 

morning fresh healthy leaves were collected 

during cool hours of the day and stored in wet 

gunny bags. The leaves were chopped and fed 

to the early larval instars. The larvae were fed 

5 times a day. The beds were cleaned every 

day and sufficient spacing was adapted during 

rearing (Krishnaswami et al., 1970). 

THC (Total Haemocytes Count) 

The B. mori prolegs were cut to collect the 

haemolymph in larva and adults and in pupa a 

small incision made at the abdominal region. 

The haemolymph was immediately diluted 

with 0.8% stained saline solution upto mark of 

1 ml and shaken well. The counting of the free 

haemocytes, was done by using 

haemocytometer with improved double 

Naubauer ruling. The mixed fluid was drawn 

into the chamber and the cells were counted 

under the light microscope. This was repeated 

for atleast 5 times/worm. SPSS 16 version 

used for calculation of ANOVA. 

DHC (Differential Haemocytic Count) 

The haemolymph was drawn on a glass slide 

which was already washed with alcohol 

chocked cotton to remove impurities and a 

drop of 20% formalin was placed on the slide 

already. A rectangular thin cover glass was 

taken and a thin blood smear was prepared. 

Then 25% Giema stain (prepared in methanol 

or 70% alcohol) was allowed to spread on the 

smear and air dried for 2 minutes. Then it was 

gently washed by adding distilled water and 

dried. Thus the prepared slide was then 

observed under high power (45X) light 

microscope. Totally 100 cells were counted 

from each and five insects as prohaemocytes, 

plasmatocytes, oenocytoids, adipohaemocytes, 

spherical cells and granular cells. 

 

RESULTS 

Table.1 shows the total haemocytic count 

(THC) during the larval stages in B.mori. The 

One way ANOVA on THC shows the 

difference occurring among the different 

stages and the statistical difference (different 

groups were represented in different alphabets) 

was noted on the last days of 3
rd

, 4
th
 and 5

th
 

instar larval stages. Where II and III larval 

instars total haemocytic count was between 

3612 ± 465 to 4680 ± 352 cells/mm
3
. During 

the IV instar and drastic increase was observed 

as 7080±356 (day 1) to 13272 ± 418 cells/mm
3 

(day 5) and after moulting THC decreased to 
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9440± 180 cells/mm
3
 during the first day of V 

instar, but a rapid increase was observed 

during the 2
nd

 day of V
 
 instar larva. A peak of 

349376± 483 and 352504 ± 424 cells/mm
3 

were observed during 6
th

 and 7
th
 day of V 

instar and on 8
th
 day reduction in the THC 

were observed (226728±532 cells/mm
3
). The 

ripen larva before spinning larva which 

stopped eating showed a decreased count 

(19448±800 cells/mm
3
) compared to the 

feeding larva. And after spinning THC was 

reduced to 7016±545 cells/mm
3
. Similarly, 

pupa showed a lesser amount of haemocytic 

count compared to the larval stages. The adult 

stage showed least haemocytic count as 

1152±113 cells/mm
3 

before mating in females 

and after mating it was 521±30 cells/mm
3
.  

Table 2 shows the percentage of 

differential haemocytic counts of B.mori from 

II instar to V instar larva. The haemocytes 

observed are Prohaemocytes, Plasmatocytes, 

Granular cells, Spherule cells and 

Oenocytoids. Count of prohaemocytes 

fluctuated from 1
st
 instar to 5

th
 from 

39.2±23.28 to 77.8 ± 5.62) and it was followed 

by plasmatocytes, granular cells and others. 

Prohaemocytes dominated the count over the 

other cells present in the haemolymph of 

B.mori and it was followed by plasmatocytes 

and granular cells. Spherical cells and 

Oenocytes were found to be the least. ANOVA 

analysis also shows a statistical difference 

among the prohaemocytes, plasmatocytes, 

granular cells followed by spherule cells and 

oenocytoids. The prohaemocytes are more in 

IV
 
instars compared to the other cells. The 

granular cells decreased with reference to the 

number of days in IV instar.  The plasmatocyte 

count was found to remain constant throughout 

this stage.  In contrast the V instar larva 

showed a decrease in prohaemocytes from day 

1 to day 8. Whereas, the plasmatocytes and 

granulocytes increased throughout the V 

instar. The granulocytes were more during this 

stage as well as the other stages of B.mori and 

these cells were followed by spherical cells 

and oenocytoids.  

Table 3 shows the haemocytic count 

before and after spinning which was the last 

larval stage and beginning of pupa. The 

prohaemocytic count was less before spinning 

(7±1.32) but increases after spinning (53±2.4). 

A vice versa increase on plasmatocytes and 

decrease of granulocytes and a decrease in 

plasmatocytes and decrease in granulocytes 

was noted before and after spinning. The 

differential haemocytic populations during 

pupal stages are shown in Table 4. The 

prohaemocytes and plasmatocytes remained 

constant (no statistical difference among days 

were noted) but the granular cells decreased 

drastically from day 1 to day8 and the 

difference was statistically significant. 

Spherule and oenocytoids remained constant 

throughout this stage 

The female adult haemocytic 

population is given in Table 5. The 

prohaemocytic and plasmatocytes count 

decreased after mating, but the granular 

(34.4±1.36cells/mm
2
) and spherule cells 

(3.6±0.94 cells/mm
2
) increased after mating. 

Here in adult when the prohaemocytes 

increased the granulocytes were decreased. 

  

DISCUSSION 

Silkworm being a holometabolous insect, the 

rate of THC reaches its peak during the larval 

developmental stages and it falls to the 

minimum during the adult stage. During the 

larval IV and V instars the drastic increase in 

THC may be related with food intake. 

Because, it is apparent that THC decreases 

after the worm went for molting which is the 

non-feeding period. The decrease in THC at 

each molt was reported by Wigglesworth 

(1995), Jones (1962) and Wheeler (1963) they 

reasoned it that in Periplanata americana the 

decrease in THC was due to increase in the 

blood volume during molting. Increase in THC 

on Oncopelitus fasciatus after ecdysis was 

reported by Fier and O’Conner, (1969). In 

Anagasta Sp also Nittono (1960) observed that 

the THC was higher in larvae than the other 

developmental stages. 

 It was reported by Wago and 

Ichikawa (1979) that gradual increase of THC 

from I to the III instar and a remarkable 

increase from IV to the V instar larvae of 
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B.mori. And in this study also the larva of 

B.mori shows high THC and a least count 

during the adult stage. May be the animals, 

most of the developmental process takes place 

during the larval stages and the adults are 

involved only in laying eggs. A similar drop in 

THC during the adult emergence was reported 

in Glossina morsitanus (Kaaya & Otieno, 

1981). Major developments like silk gland 

development and enormous increase in size of 

the animal takes places during the V instar 

larval stages, and are most susceptible for the 

diseases to occur through pathogens via feed. 

It is the longest stage in this animal lifetime. In 

order to combat the pathogens larva may 

synthesis more haemocytes than in other 

stages, since haemocytes role in the survival of 

the insect species is well known (Siddiqui & 

AL-khalifa, 2014). 

The THC may be associated with the 

non-feeding period like pupa, where the THC 

decline in this stage. The drop in 

plasmatocytes population after molting was 

also reported by Hrdy (1959) in Acheta 

domesticus L., by Jones (1967) in G. 

mellonella. Here in this study the B. mori 

larval plasmatocytes increases before molting 

and it drops down after molting, whereas the 

prohaemocytes increased after molting. 

Heamocytes plays an important role in the 

survival of insect species and are of economic 

and medical importance (Siddiqui & Kalifa, 

2014). The plasmatocytes and prohaemocytes 

found to be predominant in all the larval stages 

of B.mori during active feeding larval period. 

Granulocytes percentage was more during the 

final instar. The decrease during pupal stages 

shows their less important part in larval to 

pupal metamorphosis. The role of granulocytes 

is the attraction of plasmatocytes (Riberio & 

Brehélin, 2006), hence when their population 

decreases the plasmatocytes also shows a 

decline phase in B.mori. Shapiro et al. (1969) 

found that spherule cell to be decreased during 

pupal stage when compared to larval stage and 

according to Jones (1967) no spherule cells 

found during pupal stage and during non-

feeding period, but in this study during the 

pupal stage especially at 1
st
 and 7

th 
day 

spherule cells found to be more compared to 

all other stages. No spherule cells were 

observed during the adult stages before mating 

but they increased after mating may be the 

spherule cells have roles to be accomplished, 

but the roles of spherule cells are yet to be 

known. After mating it was noted that 

prohaemocytes and plasmatocytes decreasing 

and increase in granular cell population, may 

be conversion of the prohaemocytes into 

granular cells may take place in case of egg 

laying adults. 

 

Table 1:  The total Haemocytic count during the different stages in Bombyx mori 
Instar days  Cells/mm3 

2th instar 1 4072±604b 

 2 4392±505 b 

3 4020±465 b 

3th instar 1 3612±465 b 

 2 4200±271 b 

3 4680±352 b 

4 4392±504 b 

4th instar 1 7080±356c 

 2 6888±408 c 

3 6352±813 c 

4 9392±214 c* 

5 13272±418 c* 

5th instar 1 9440±180e 

 2 26768±626 e 

3 32064±504 e 

4 38744±211 e 

5 45136±995 e 

6 349376±483 e* 

7 352504±424 e* 

8 226728±532 e* 

Before spinning  19448±800d 

After spinning  7016±544c* 
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Pupa 1 13752±873c 

 2 13709±815 c 

3 13072±779 c 

4 7088±254 c* 

5 4040±354c* 

6 1864±124 c* 

7 1852±672 c* 

8 1824±164 c* 

Adult Females before mating 1152±113 b 

 After mating 521±30 a* 

The mean of 5±S.D. letters above each level of the independent variable to show which groups are statistically different from 

one another according to Duncan’s multiple range at p=0.05. *significant difference among the same group. 

 

Table 2: Differential haemocytic counts during the larval stages in Bombyx mori 
Instar Days Types of cells 

Prohaemocyte Plasmatocyte Granular cells Spherule cells Oenocytoids 

2th instar 1 45.40±2.2d 53.60±2.40c 5.60±1.60b* 1.60±2.07a 0.2±0.20a 

2 63.6±3.41d* 57.80±4.96c 12.6±2.11b 3.2±0.86a 0.4±0.24a 

3 59.4±0.00d  54.8±2.51c 11.0±1.39b 0.8±0.37a 0.4±0.24a 

3th instar 1 40.0±2.51d 37.6±3.82 c 7.4±1.32 b 0.6±0.40a 0.4±0.24a 

2 40.0±3.82d 31.4±2.76 c 13.4±2.24b 2.2±0.64a 1.2±0.58a 

3 65.2±2.61d* 31.4±2.76 c 13.4±2.76b 0.0±0.00 a 0.00±0.00 a 

4 62.0±2.94d* 40.0±2.02 c 2.0±0.63b* 0.0±0.00 a 0.00±0.00 a 

4th instar 1 64.2±3.67d* 34.0±2.76 c 14.0±1.87b 0.4±0.24 a 0.2±0.24 a 

2 54.8±3.76d 38.2±2.58c 15.2±2.03b 0.4±0.24 a 0.6±0.24 a 

3 77.8±5.16d* 30.2±1.24c 7.2±0.48b 0.8±0.20a 1.0±0.24a 

4 61.8±2.65d* 38.0±2.81c 7.8±1.80b 0.8±0.37a 2.0±0.31a 

5 60.0±2.62d 39.0±2.62c 6.80±1.06b 2.0±0.31a 1.30±0.58a 

5th instar 1 67.2±4.36d 36.8±2.35c 7.8±1.28b 0.8±0.37 1.6±0.39a 

2 24.4±2.46d * 46.4±2.98c 37.4±3.33b* 0.8±0.37 1.2±0.58a 

3 37.4±1.29d* 33.0±1.87c 6.4±1.03b 1.2±0.37 1.6±0.51a 

4 39.2±3.28d* 37.8±1.88c 33.0±1.52b* 0.6±0.24 0.4±0.39a 

5 44.4±3.95d 42.4±2.48c 28.0±3.02b* 3.8±0.83 0.8±0.37a 

6 50.8±2.51d 48.8±1.91c 6.0±1.13b 0.6±0.24 0.4±0.24a 

7 39.6±4.65d 46.6±3.36c 30.0±2.0b* 1.6±0.51 0.2±0.19 a 

8 51.0±4.78 d 45.8±2.81 c 23.8±2.35b* 0.8±0.37 0.4±0.24 

The mean of 5±S.D. letters above each level of the independent variable to show which groups are statistically different from 

one another according to Duncan’s multiple range at p=0.05. *significant difference among the same group. 

 

Table 3: Differential haemocytic counts during prepupal stages of B. mori. 

Cells Before spinning After spinning 

Prohaemocytes 7.0±1.32
 c
 53.0±2.40

 c*
 

Plasmatocytes 64.8±3.67
d
 34.6±2.76

 d*
 

Granular cells 29.8±3.02
 b
 1.4±0.58

 b*
 

Spherule cells 1.2±0.37
 a
 0.8±0.20

 a
 

Oenocytoids 0.4±0.24
 a
 0.1±0.31

 a
 

The mean of 5±S.D. letters above each level of the independent variable to show which groups are statistically different from 

one another according to Duncan’s multiple range at p=0.05.  *significant difference among the same group. 
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Table 4: Differential haemocytic counts at pupal stages of B .mori. 

Cells Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 

Prohaemocyte 43.4±1.63 d 45.4±3.48 d 48.8±3.12 d 56.6±2.44 d 49.6±3.42 d 46.0±3.33 d 43.6±2.37 d 51.0±1.37 d 

Plasmatocyte 39.8±2.47 c 40.40±3.78 c 37.0±2.70 c 22.8±1.65 c 32.2±1.98 c 38.0±3.09 c 44.4±2.03 c 6.2±1.56 c* 

Granular cells 23.4±1.4 b 24.8±1.95 b 13.4±1.5 b 13.2±1.65 b 10.2±1.8 b* 11.4±1.47 b* 8.2±1.65 b* 1.60±0.40 b* 

Spherule cells 1.40±0.4 a 1.80±0.58 a 2.0±0.70 a 0.0±0.00 a 2.20±0.58 a 4.80±0.37 a 0.80±0.83 a 0.00±0.00 a 

Oenocytoids 2.20±0.37 a 1.80±0.37 a 0.80±0.37 a 0.00±0.0 a 1.00±0.31 a 2.2±0.37 a 1.60±0.67 a 0.8±0.34 a 

The mean of 5±S.D. letters above each level of the independent variable to show which groups are statistically different from 

one another according to Duncan’s multiple range at p=0.05.  *significant difference among the same group. 

 

Table 5: Differential haemocytic counts of adult female B.mori. 

Cells Before Mating (cells/mm
3
) After Mating 

Prohaemocytes 59.20±1.85
 d
 32.8±3.10

 d*
 

Plasmatocytes 43.8±1.37
 c
 34.8±1.98

 c
 

Granular cells 4.6±0.67
 b
 34.4±1.36

 b*
 

Spherule cells 0.00±0.00
 a
 3.6±0.94

 a*
 

Oenocytoids 0.00±0.00
 a
 0.20±0.20

 a
 

The mean of 5±S.D. letters above each level of the independent variable to show which groups are statistically different from 

one another according to Duncan’s multiple range at p=0.05. *significant difference among the same group. 

 

CONCLUSION 

In silkworm B.mori the THC and DHC 

number varies with different developmental 

stages in the single species of B.mori. The 

larval stages shows more haemocytes proves 

the importance of physiological changes 

happening in holometabolous insect Bombyx 

mori. Haemocytes studies should be carried 

out after egg laying in females so that their 

role of apoptosis can be known. 

 

REFERENCES 

Bahadur, J., & Pathak, J. P. N. (1971). 

Hemocytes and hemocytopoiesis in 

silkworms. Biochimie 61,157–164. 

Fier, D., & O’Conner, G. M. (1969). Liquid 

Nitrogen Fixation: A New Method for 

Hemocyte Counts and Mitotic Indices 

in Tissue Sections, Ann. Entomol. Soc. 

Am. 62(1), Pages 246–247. 

Gupta, A. P., & Sutherland, D. J. (1985). 

Cellular elements in hemolymph. In: 

Kerkut, G. A., & Gilbert, L. I. (ed), 

Comprehensive Insect Physiology, 

Biochemistry, and Pharmacology, 

Pergamon Press, Oxford, UK, pp 401-

451. 

Han, S. S., & Gupta, A. P. (1986). Arthropod 

immunocytes: Their identification, 

Structure, Function and Functional 

Analysis with those of Vertebrate B- 

and T-lymphocytes. In: Haemocytic 

and Humoral Immunity in Arthropods, 

Gupta, A. P. (Ed.). John Wiley and 

Sons, New York, pp: 3-59. 

Hrdy, V. (1959). Blood cells and blood cell 

development in the animal kingdom. 

Ann Rev  Cell and Dev Biol. 22, 677–

712. 

Jones, J. C. (1962). Current concepts 

concerning insect hemocytes. Am. 

zool.  2, 209-246. 

Jones, J. C. (1967). Changes in the hemocyte 

picture of Galleria mellonella L. Biol. 

Bull. (Woodhole) 132, 211–221. 

Jones, T. C. (1982). Normal differential count 

of haemocyte in relation to ecdysis 

and feeding in Rhodnius. J. Insect 

Physiol. 13(8), 1133-1141. 

Kaaya, M., & Otieno, L. H. (1981). Innate 

immune responses of a lepidopteran 

insect, Manduca sexta. Imm. Rev. 198, 

97–105. 

Kerenhap, W., Thiagarajan, V., & Kumar, V. 

(2007). Biochemical and bioassay 

studies on the influence of different 

organic manures on the growth of 

Mulberry Variety V-1 and silkworm, 

Bombyx mori L. Casp J. Envi Sci. 

5(1), 51-56. 



 

Arumugavel et al.                          Ind. J. Pure App. Biosci. (2021) 9(4), 43-49     ISSN: 2582 – 2845  

Copyright © July-August, 2021; IJPAB                                                                                                            49 
 

Krishnaswami, S., Kasiviswanathan K., & 

Iyengar, M. N. (1970). Effects of 

feeing leaves grown under different 

systems of mulberry cultivation on the 

silkworm cocoon crop. In. J. Seri. 9, 

53–58. 

Mead, M. (1986). Blood cells of Drosophila: 

cell lineages and role in host defense. 

Curr. Opin. Imm. 16, 10–15. 

Nittono, U. (1960). Studies on the blood, cells 

in the silkworm, Bombyx mori L. Bull. 

seri exp stat. Tokyo 16, 171-266. 

Ratcliffe, N. A., Gagen, S. J, Rowley, A. F., & 

Schmit, A. (1976). The role of 

granular hemocytes in the cellular 

defense reactions of the 

waxmoth, Galleria mellonella. 

Proceeding of 6th European Congress 

of Electron Microscopy, Sept. 14–20, 

Jerusalem. pp. 295–297. 

Riberio, C., & Brehélin, M. (2006). Insect 

haemocytes:What type of cell is that? 

Review. J. Ins Physiol. 52, 417-429. 

Shapiro, M. (1979). Changes in hemocyte 

population:in insect heamocytes (ed) 

A.P Gupta (Cambridge:Cambridge 

university press). Page-475-525. 

Siddiqui, M. I., & Al-Khalifa, M. S. (2014). In 

vitro cultivation of hemocytes of 

Malacosoma disstria H¨ubner 

(Lepidoptera: Lasiocampidae). Can. J.  

Zool. 49, 1355–1358. 

Tauber, O. E., & Yeager, J. F. (1936). On the 

total heamolymph (Blood) cell counts 

insect’s Necuoptera, Coleopetera, 

Lepidopetera and Hymenoptera. Ann. 

Entomol soci. Am. 29, 112-118. 

Wago, H., & Ichikawa, Y. (1979). Haemocytic 

reactions to foreign cells in the 

silkworm, Bombyx mori, during post-

embryonic development. Appl. Ent. 

Zool. 14, 36-43. 

Webley, H. (1951). Phagocytic recognition in 

Bombyx mori. Immunology of Insects 

and Other Arthropods (ed. A.P. 

Gupta), pp. 215–235. CRC Press, 

Boca Raton. 

Wheeler, K. (1963). Bombyx mori 

prohemocyte division and 

differentiation in individual 

microcultures. J. Int. Physiol. 47, 325–

331. 

Wigglesworth, V. B. (1973). Haemocytes and 

basement membrane formation in 

Rhodnius. J. Int. Physiol. 19, 831-844.

 

 

 

 

 

 

 

 

 

 

 

 

 

 


